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Introduction
An important study found that the initiation on combination antiretroviral therapy (cART) in adults people living with HIV infection (PLHIV), i.e., with a CD4 + T cell count of more than 500 cells/μL, provided more benefits than therapy in patients with CD4 + T cell count at or lower than 350 cells/ μL. The approach of initiating cART soon after diagnosis leads to reductions in serious AIDS-related events, such as development of cancers and opportunistic infections, as well as serious non-AIDSrelated events, as cardiovascular, renal and liver diseases and non-AIDS-defining cancers 1 .
The cascade of care for PLHIV proposed currently encompasses five main steps: diagnosis, entry into care, retention in care, prescription of cART, and viral suppression 2 . The ultimate goal of HIV treatment is to achieve the suppressed viral load so that the patient can stay healthy, live longer and with reduced chances of transmitting the infection to other people 3 . The models of the cascade of care differ in how the stages of HIV services required for a HIV-positive individual are outlined to achieve viral load suppression 4 . The steps are typically calculated in a conditional manner, with the number of persons completing the prior step serving as base population for the next step 5 . Differences in the construction of the cascade of care are common, some are prevalence-based and others are diagnosisbased; in the first case, each step represents a percentage of the total number of PLHIV diagnosed or not, and in the second case, only diagnosed cases are counted in the denominator 2 .
The Joint United Nations Programme on HIV/AIDS (UNAIDS) has proposed the goal 90-90-90: An Ambitious Treatment Target to Help End the AIDS Epidemic, an approach in which it is expected that 90% of all people with HIV infection should know the status of their infection, 90% of all people with diagnosed HIV infection should be consistently receiving cART and 90% of all people receiving cART should have a fully suppressed viral load 6 . In 2017, the Department of Surveillance, Prevention, and Control of Sexually Transmitted Infection, HIV/AIDS and Viral Hepatitis (Departamento de Vigilân-cia, Prevenção e Controle das Infecções Sexualmente Transmissíveis, do HIV/Aids e das Hepatites Virais) of the Brazilian Ministry of Health proposed a technical guideline to elaborate the continuum cascade of care for PLHIV and to be applied in the Brazilian states and municipalitites 7 .
To our knowledge, information about the cascade of care for PLHIV in Paraná State is unknown. To address this issue, we aimed at evaluating the cascade of care considering the steps of retention in care, cART use, and viral load suppression in a cohort of PLHIV attended at the public health network in 116 municipalities of Paraná, Southern Brazil.
Methods
An observational retrospective study was carried out with all PLHIV outpatients, with medical request for CD4 + T cell count and/or HIV-1 viral load, attended at the Clinical Analysis Laboratory at the University Hospital of Londrina State University, Paraná State, from 2012 to 2015. These patients came from 116 cities of the North and part of the East macroregions of the Health Secretariat of Paraná, encompassing a total population of 2,770,115 inhabitants living in an area of 59,191km 2 . This region has a total of 108 (93.1%) cities classified as small (< 50,000 inhabitants), four (3.4%) as medium (50,000-100,000 inhabitants) and other four (3.4%) as large (> 100,000 inhabitants) 8 .
Data were obtained by consulting the Laboratory Tests Control System (SISCEL -Sistema de Controle de Exames Laboratoriais), an online application developed by the Brazilian Ministry of Health for management of both CD4 + T cell count and HIV-1 viral load. The study was conducted in accordance with the Declaration of Helsinki and approved by the local Ethics Research Committee, granted under the n. 1053745/2015 (CAAE 44127215.0.0000.5231). Considering that the study was based on a query in a database, an informed consent was not obtained from patients; however, to guarantee the confidentiality, patient record/data prior to analysis were consecutively identified by number.
Sample was obtained consecutively, in convenience of time and location, and consisted of sociodemographic variables, laboratory biomarkers, and therapeutic information of PLHIV that were at the laboratory and clinical monitoring of HIV-1 infection. To ensure information reliability, data from Cad. Saúde Pública 2018; 34(12):e00009718 the PLHIV were checked in two queries by the system and all duplicate records were removed. Individuals registered on SISCEL database, in use or not of cART, and that performed HIV-1 viral load and/or CD4 + T cell count during the study period were included. Patients who carried out HIV-1 viral load for diagnostic purposes and obtained undetectable results were excluded from the study.
The study had a longitudinal (from 2012 to 2015) and a cross-sectional design (2015) . Variables of interest were verified for each year (2012) (2013) (2014) (2015) . Subjects were categorized as being "linked to care" from the date of the first reported CD4 + T cell count or HIV-1 viral load registered in SISCEL. The presence of any CD4 + T cell count or HIV-1 viral load report was used to indicate a clinical care episode. PLHIV were categorized as "retained in care" if they had been seen in at least one visit in that year. The individual was considered as being "on cART" as soon as the SISCEL system registered the beginning of the therapy, even if adherence was unknown. PLHIV was defined as having "suppressed viral load" or suppression of HIV infection if they showed a viral load value of less than 50 copies/mL verified for each year. This viral load threshold was considered due to the sensitivity of the reagent set provided by the Brazilian public network during the period of the study, as branched-DNA (bDNA, Versant HIV-1 RNA 3.0 Assay, Siemens Healthcare, USA), with lower detection limit of 50 copies/mL, and quantitative polymerase chain reaction (qPCR, Abbott Real Time HIV-1, Abbott Molecular Inc., USA), with lower detection limit of 40 copies/mL. Patients with no laboratory attendances in the last two years of the study were excluded of the linkage to care and absences from follow-up sections were considered as due to death or migration 9, 10 .
Statistical analysis
Data were analyzed through the IBM SPSS program, version 20 (https://www.ibm.com/). The median and interquartile range (IQR) of 25% and 75% were calculated for each continuous variable. Sociodemographic characteristics were categorized and described as absolute number (n) and relative frequency (%), and were compared by chi-square test (χ 2 ). Logistic binary regression was performed to obtain unadjusted and adjusted odds ratio (OR) and 95% confidence interval (95%CI) for factors associated with retention in care, use of cART and viral load suppression. Variables included in the analysis were sex, age, ethnicity, educational level, size of the municipality of living and time since diagnosis. Results were considered significant when p-value was less than 0.05 (p < 0.05).
Results

Period from 2012 to 2015
A total of 4,106, 4,651, 4,876 and 5,030 patients were linked to care from 2012 to 2015, respectively. Although the number of patients linked to care increased over the time, the proportion of patients retained in care became stable during this period (p = 0.387). The frequencies of patients on cART and with viral load suppression increased over the time, even when calculated for the total of patients both linked to or retained in care (p < 0.001). However, annual rates of suppressed viral load among patients on cART were 71.8%, 66.4%, 68.2% and 72.8% from 2012 to 2015, respectively, indicating a trend of stabilization for these frequencies (p = 0.426) ( Table 1) .
Cascade of care in 2015
In 2015, 5,030 PLHIV in our jurisdiction were linked to care. A cascade of care for male and female individuals was constructed, and results showed that female patients had greater frequency of retention in care (p = 0.001), cART use (p < 0.001) and suppressed viral load (p < 0.001) when compared to male patients. When the prior step of the cascade of care was used as the denominator of the next step, cART use showed a higher frequency in women when compared to man (p < 0.001); moreover, the suppressed viral load was lower in female patients than in male ones, but the difference was not statistically significant (p = 0.469), as shown in Figure 1 . 
Sociodemographic characteristics in 2015
In 2015, the median age of PLHIV linked to care was 39.5 years (IQR: 31.3-48.6), the median time since diagnosis was 6.1 years (IQR: 2.0-11.3) and the median time on cART was 4.8 years (IQR: 1.8-10.0). Most of the PLHIV were men (57.5%), Caucasians (74.2%), with less than 12 years of education (81.5%) and living in large-sized cities (59%), as shown in Table 2 . Sociodemographic variables were relevant to evaluate the cascade of care according to the steps of retention in care, cART use, and viral load suppression. We found that frequencies of retention in care were significantly higher in women, individuals diagnosed for over 10 years, patients on cART for over 15 years, and was significantly lower in patients aged between 30-39, when compared to older ones. PLHIV on cART use were more likely to be women, with less than 12 years of education, living more in medium-sized when compared to large-sized ones, and diagnosed for over five years. The use of cART showed small frequencies in younger adults from 15 to 39 years when compared to the patients aged ≥ 50 years. Suppressed viral load was significantly higher in females, aged ≥ 50 years, Caucasians, living more in mediumsized cities when compared to large-sized ones, and in those diagnosed for over five years ( Table 2) .
Logistic binary regression
All variables were analyzed in logistic regression according to male patients, older (> 50 years), (Table 3) .
Discussion
In this research, a PLHIV population in the public health network of Paraná State, was monitored according to laboratory parameters. Our objective was to evaluate the proportion of PLHIV that were successful in some steps of the cascade of care, analyzed in a longitudinal and cross-sectional design.
In the longitudinal design, data from 2012 to 2015 were analyzed and we verified that the number of PLHIV linked to care increased 22.5% over the time (from 4,106 to 5,030 individuals), indicating that HIV-infection and/or diagnosis are increasing. The proportion of individuals retained in care showed a trend toward stabilization of 85.8-86.9% in this period. The use of cART increased continuously from 2012 to 2015, and reached 90.3% among those retained in care in 2015. In that year, the rate of suppressed viral load was 72.8% for those on cART and 57.1% among the overall population in care. These results are in agreement with those reported in developed countries, such as Canada, where the proportions of patients retained in care that experienced cART and had the HIV infection suppressed were of 88% and 76%, respectively 11 , and United States, where the rates of patients retained in care (on cART) and that achieved viral suppression were 89% and 77%, respectively 12 .
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be highlighted about these results. First, the proportion of patients diagnosed with HIV-1 infection in our jurisdiction could not be defined; therefore, our data of PLHIV in care represent only patients diagnosed with HIV-1 infection and that looked for a public health service to manage this infection. Second, the increase in the rates of PLHIV on cART is substantial, but refers only to individuals under clinical and laboratory care. Third, the definition of suppressed viral load used for our research was below 50 copies/mL, unlike other studies 3, 10, 13 . Even with a lower threshold, our result for suppressed viral load was similar to the previously reported rate of 77.1% for individuals on cART in Brazil, but with a viral load cut-off point below 400 copies/mL 14 .
In our cross-sectional analysis, only data from 2015 (last year of the study) were used for sociodemographic characterization of the population in the steps of the cascade of care. Some variables showed expected results as described elsewhere, such as that females and patients older than 50 were more likely to be retained in care, as well as Caucasians and older people had better viral load Cad. Saúde Pública 2018; 34(12):e00009718 suppression 3, 10, 15 . Disparities in the HIV-1 cascade were highlighted in an American study that found smaller rates of linkage to care, retention in care and viral load suppression for adolescents and young adults when compared to older adults 16 .
About education level, when all ranges were compared to that for > 12 years of education, we found worst retention in care for patients without education and worst viral load suppression for all educational levels. These findings were in agreement with other studies that associate better educational level with more retention in care, as well as with more adherence to therapy 17, 18 . However, in our study, an unexpected significant positive association was found between non-educated patients using cART; this fact cannot be explained, but we believe that these individuals are economically disadvantaged and completely dependent on public services; therefore, they seek access to therapy in order to remain linked to the system, even with poor adherence and bad viral suppression rates, because they know how difficult it is to return to the system after abandoning it.
In our study, results showed that PLHIV diagnosed for > 15 years were more likely to be retained in care, as well as the chance of having to use cART increased proportionally in accordance with the time of diagnosis. HIV diagnosis for over than 10 years and undetectable viral load were previously associated with higher levels of adherence 18 . However, time of diagnosis and viral load suppression were not associated in our patients, indicating that adherence must be more encouraged to improve viral suppression rates in our population.
Compared to large-sized cities, individuals living in those of medium and small sizes showed greater chance of being on cART; also, retention in care and viral load suppression were more likely to occur for those living in medium-sized cities. Cities with less than 100,000 inhabitants represent around 97% of all municipalities analyzed in this study and 41% of our patients lived in these locations. Cities with less than 50,000 inhabitants do not usually have secondary (specialized outpatient) or tertiary (hospitals) healthcare provision and require support from the Regional Health Institution, defined as a group of adjacent municipalities attended by units for primary, emergency and psychosocial health care, specialized outpatient care, inpatient care, and disease surveillance services 19 . Percentages of treated patients with undetectable viral load were previously found to be lower in Brazil's less developed regions 14 . In our study, unexpected better results were found especially for individuals living in medium-sized municipalities.
The improvement of cascade of care is a challenge everywhere. Optimal outcomes along this cascade for PLHIV have not been achieved even in the United States, where among all PLHIV, about 86% had been diagnosed with HIV infection, 40% were engaged in medical care, 37% were on cART, and only 30% had suppressed viral load 20 . The Brazilian model was constructed by adapting the measures to the availability of national data, and it is supposed that about 83% of PLHIV are diagnosed, 80% linked to care, 66% retained in care, 52% on cART use and 46% with suppressed viral load 21 .
We should not compare our data to the national cascade of care of Brazil, because the number of PLHIV in our jurisdiction cannot be guaranteed. The Brazilian Ministry of Health estimates that 0.39% of the entire population is infected with HIV 21 . This would represent about 10,000 PLHIV at our region; however, this number does not take into account probable differences in rates from largeand small-sized cities 22, 23 . If we consider this number, it evidences that half of this population was evaluated by our study, which could mean low rates for diagnosis of HIV infection, PLHIV in care in the private network, or both 24 . It is believed that only 24% of the Brazilian population have private health insurance 19 .
A systematic review identified significant variability in the proposed models for cascade of care for PLHIV. The models describe differences in the number of steps delineated, definitions used to delineate both numerators and denominators at each of the steps, attendance requirements used in defining linkage to care or cART use, as well as what cut-off point constituted viral load suppression 13 . These models usually show the results with a bar graph, in which each bar represents the proportion of persons completing each step 2, 25 . If the denominator is kept constant throughout sequential steps, the overall impact of cumulative losses is visually more apparent. If the numerator in the first step is taken as the denominator of the subsequent step, each step is essentially represented as a separate event and the impact of cumulative losses through sequential steps is visually de-emphasized 26 . Some studies represent these two approaches together, probably because they provide better information about the healthcare process, especially for viral load Cad. Saúde Pública 2018; 34(12):e00009718 suppression 27, 28 . For example, in a study with HIV-positive sex workers in Cambodia, viral suppression was obtained only for 23% of the diagnosed HIV-positive women in the cohort, but this proportion increased to 59% when considering female patients that were in care for the last 12 months 28 . In India, 31% of the diagnosed patients and 82% of patients who used cART achieved viral suppression 29 . In a public hospital in Buenos Aires, Argentina, virologic suppression was obtained in 31% of patients linked to care, and 59% of those were on cART 27 . As in our research, this last study evaluated their cohort considering the proportions of individuals linked to care, and not the total number of diagnosed cases.
We are conscious about an important study limitation with regard to the number of PLHIV linked to care. Patients may be not retained in care in our jurisdiction due to migration or death. In our longitudinal analyses, PLHIV were removed from the denominator after 2 years without HIVrelated laboratory tests, supposing that they had migrated or were dead. It is possible that we could have excluded incorrectly some patients who did not attend adequately the outpatient care, but it was beyond our control. Failure to remove patients who died or migrated would overestimate the number of linked patients in the denominator, resulting in underestimated proportions of patients retained in care, on cART use and with suppressed viral load 10 .
Data on the routine monitoring of patients had great utility for assessment of the population health; therefore, the effectiveness of the cART program must be continuously evaluated. Reported laboratory data are useful to achieve this goal, easy to collect, as well as reliable and scalable from a single clinic to an entire population 30 . We recognize that the retrospective design of our analysis and the absence of certain data, as adherence to therapy for individuals analyzed, proportion of individuals diagnosed and undiagnosed at our region, as well as proportion of lost during the follow-up period due to death or migration, are some limitations of this study. However, we were able to identify some sociodemographic features, associated with HIV care in a public health service with widespread access to cART, that could influence the success in different steps of the cascade of care.
When considered together, the results of this study showed a high level of retention in care and effective HIV suppression due to cART. The results emphasize the steps for improvement of the HIV-1 cascade of care in our population, including more attention to male, non-Caucasian, younger, less educated and recently diagnosed adults. New approaches must be implemented for these groups so patient retention in the service and commitment to treatment can be ensured, and thus the 90-90-90: An Ambitious Treatment Target to Help End the AIDS Epidemic goal proposed by UNAIDS can be achieved.
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